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EXECUTIVE SUMMARY

Past efforts to have a Drainage Basin Planning Study (D.B.P.S.) completed for the Kettle Creek
Drainage Basin have been abandoned for various reasons. Thus, the watershed remains
relatively unstudied and lacks a unified plan for storm water management. Development activity
is increasing in the basin. Within the past 7 years, approximately 100 acres of urban single
family residential lots and a 41-acre public high school site have been developed in the Kettle
Creek watershed. Drainage management for these developments has been planned in Master
Development Drainage Plans (M.D.D.P.) and Final Drainage Reports (F.D.R.s) prepared for

these sites.

It 1s anticipated that considerable development activity will occur within the portion of the Kettle
Creek Watershed that lies close to Old Ranch Road in the near future. The purpose of this
D.B.P.S/M.D.D.P. is to provide a unified drainage management plan for this area. The proposed
plan is self contained and is able to be accomplished independent of development activity, or

lack thereof, in the remainder of the Kettle Creek watershed. The study area lends itself to such

adjacent and related area.

The study area is approximately 812 acres in size. It includes much of the previously mentioned
development, some developed city streets and county roads, as well as approximately 152 acres

of unincorporated low-density rural residential development.

The drainage management plan proposed in this study calls for the major land owners/developers
in the study area to construct the drainage infrastructure required to support the proposed
development within the study area. The drainage infrastructure proposed by this plan includes
several regional detention facilities to regulate peak runoff rates from future development
proposed within the study area. The regulation of runoff will mitigate the potential impact that
the proposed development will have on downstream Kettle Creek and the smaller tributaries that

will receive runoff from the study area. It is proposed that the study area be considered a closed



drainage basin due to the self contained nature of the proposed plan. As a closed basin
development would not be subject to drainage fees above the cost of the infrastructure proposed

by this plan.
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INTRODUCTION

. Contract Authorization

This document and associated analysis was prepared with private funds for LP47, LLC
dba La Plata Investments and Vintage Communities by JR Engineering. La Plata
Investments and Vintage Communities are the major landowners and developers within

the study area.

. Purpose

The purpose of this document is to identify an overall unified drainage plan for the study

area. More specifically, the plan will address the following issues within the subject

watershed:

» Identify historic drainage patterns and estimate peak historic runoff rates.

» Define the drainage criteria, general runoff patterns, and associated peak runoff rates
for the proposed future fully developed condition.

* Identify approximate sizes and locations of major storm drains required to support the
fully developed condition.

e Identify required storage volumes and approximate locations of detention facilities

required to support the fully developed condition.

. Past Studies

A Drainage Basin Planning Study (D.B.P.S.) has not been performed for the entire Kettle
Creck Watershed. However, Master Development Drainage Plans (M.D.D.P.) and Final
Drainage Reports (F.D.R.) have been prepared for areas within the study area that have
been developed in the last decade. A number of previous studies and reports were
reviewed during the preparation of the current study. The most relevant studies are listed
below along with a brief synopsis of the relevance to the current study. Additional

reports that were reviewed are noted in the reference section of this study.



“Amendment No. 2 to the Pine Creek Drainage Basin Planning Study and M.D.D.P.

for Pine Creek Subdivision,” October, 1998, by JR Engineering

The Pine Creek Drainage Basin adjoins the current study area on the south side. This
study defines the southern limits of the developed condition watershed for the current

study.

“Master Development Drainage Plan Addendum for Creekside Estates”, March
1994, by JR Engineering
This M.D.D.P. defined the overall drainage concept for the now existing Creekside

Estates residential development and offsite tributary areas.

£Final Drainage Report For Old Ranch Road”, June 1997, by JR Engineering

This FDR defined the drainage concept for a portion of Old Ranch Road and Thunder
Mountain Road located near Pine Creek high School. This concept included construction

of small drainage diversions (now existing) upstream of Thunder Mountain Road.

“KFinal Drainage Report For Academy High School No. 5”, January 1997, by Martin

and Martin, Inc.

This FDR presented the plan for the treatment of storm water runoff from the School
District 20, Pine Creek High School (existing). The plan included collection and
conveyance of all storm water developed on the site to a detention pond constructed in
the southwest corner of the site. According to the report, the pond is to control peak

runoff rates from the site to Qo= 10.5 cfs and Q99 = 31 cfs.

. Agency Jurisdictions

The drainage improvements proposed in the current study as well as the majority of the
included watershed are located within the Colorado Springs city limits. The extreme
upper portions of the current study area are unincorporated areas of El Paso County. The
unincorporated area consists primarily of large lots (5 acres or larger) containing single
family residences. Runoff from the unincorporated areas of the watershed has been
accounted for in the current study. It is anticipated that the City of Colorado Springs will
be the sole agency for review and approval of this document. It is understood that other

agencies such as F.E.M.A., the Corps of Engineers, the Wildlife Service, and the State



II.

Engineer will have involvement in review and approval of more detailed plans for
individual projects proposed in this study at the time that they are designed. Peak
discharge criteria as requested by the United States Air Force Academy (U.S.A.F.A.) has

been utilized in the preparation of this plan.

. Drainage Criteria

Storm drainage design and management within the study area must conform to the

current City of Colorado Springs criteria.

City Engineering is in the process of implementing a policy requiring peak flow rates be
controlled to historic peak rates in 2, 5, 10, 25, 50 and 100-year storms for properties that
discharge to water courses flowing onto United States Air Force Academy land. This

study utilizes this criteria.

PROJECT DESCRIPTION, LOCATION AND DRAINAGE

. Basin Location and Size

The study area that remains to be developed is a portion of the Briargate Community
located in the northeast portion of Colorado Springs. The majority of the study area is
made up by the watershed of an unnamed tributary to Kettle Creek that includes a large
portion of Old Ranch Road. A small portion of the study area contributes runoff to an
adjacent unnamed tributary to Kettle Creek. As shown on the vicinity map the study area
is bounded by the Pine Creek Drainage Basin on the south and other basins tributary to
Kettle Creek on the north. The lower or western limit of the study area is just upstream
of Kettle Creek. The upper limit of the study area is located approximately 1600 feet to
the east of El Paso County, Milam Road. The study area is approximately 812 acres or

1.26 square miles in size.

. Existing Major Drainageways and Facilities

1. General
An existing drainage facility map was prepared as a part of this study. A copy of this
map is contained in the appendix of this report. As shown on the map, the existing public

storm drain systems in the study area are limited to the area that has been developed as
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Creekside Estates. Other constructed drainage facilities shown are existing culverts
under roadways, small earthen diversion channels, an existing detention pond on the Pine
Creek High School site and an existing Regional Detention Pond in Creekside Estates.
Outside of the Creekside Estates area stormwater runoff is collected and conveyed

overland and in natural channels.

2. Existing Storm Drain Systems

The storm drain system in Creekside Estates originates in Lexington Drive near the
existing Challenger Middle School. This storm drain is routed down Clear Creek Road to
Kittyhawk Road, then down Kittyhawk Road to Monmouth Lane where runoff from
Creekside Estates Filing No. 4 enters the system. The storm drain is then routed down
Monmouth Lane to Old Ranch Road. At the intersection of Old Ranch Road and
Monmouth Lane a 30” diameter storm drain allows for the runoff from a currently
undeveloped basin located immediately east of Creekside Estates Filing No. 3 to enter the
system. From this point the storm drain is routed west down Old Ranch Road, collecting
runoff from Old Ranch Road along the way, to a point located approximately 650 linear
feet east of Kettle Creek. At this point additional runoff from Old Road enters the system
as well as a portion of the runoff from Creekside Estates Filing No. 1. The storm drain
then turns north and is routed to the existing Creekside Estates detention pond collecting

runoff from Creekside Estates Filing No. 3 along the way at two (2) junction points.

3. Existing Regional Detention Facility
The existing Creckside Estates Regional Detention Facility was designed to impound
approximately 6.2-acre feet of water in the 100-year event while controlling peak outflow

to less than 87 cfs according to the F.D.R. for Creckside Estates Filing No. 3.

4. Existing Natural Channels

The natural channels are mostly unimproved throughout the study area. For the purpose
of discussion the two unnamed drainage tributaries to Kettle Creek that receive runoff
from the study area have been labeled as “North Tributary” and “South Tributary” on the
drainage basin maps contained in the appendix of this report. More specifically, for the
purpose of this discussion the “North Tributary” shall refer to the natural channel that

extends between Analysis Point H13 (historic condition) or proposed Regional Detention
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Facility “G” (developed condition) and Kettle Creek. The “South Tributary" shall refer
to the natural channel that extends between Analysis Point H9 (historic condition) or
proposed Regional Detention Facility “E” (developed condition) and Kettle Creek.
Existing improvement within the natural channels are limited to some small earthen dams
constructed  transverse across the channel along the South Tributary.
The dams were likely constructed in the late 1940s to early 1950s when considerable soil

and water conservation treatment measures were constructed in the watershed.

The North Tributary is located upstream of the study area. It will serve as an outfall for
the northern 49 acres of the study area. Its' length between the outfall point and Kettle
Creek is approximately 2,000 linear feet. The gradients along this reach are relatively
steep ranging from 1.5 to 6.5 percent. The average gradient for this reach is
approximately 3.3 percent. Bottom widths in the reach range from 10 to 30 feet. During
the past year, the channel generally has been without free flowing water between storm
events. Portions of the channel bottom appear to remain continually damp to wet. The
vegetation on the bottom of the channel ranges from sparse to lush depending on the
moisture condition at the location. The reach is deeply incised with steep side slopes

generally composed of relatively soft eroding bedrock.

The South Tributary is contained within the study area. Per the current proposed plan it
will be sheltered from receiving significant increases in flow from frequent rainfall runoff
events. It will serve as an outfall for runoff generated on approximately 626 acres of the
study area in 2 through 100-year rainfall events. The South Tributary is approximately
2,700 linear feet long between proposed Detention Facility “E” and Kettle Creek. The
channel carries a small perennial flow that supports wetland type vegetation on the
channel bottom throughout the reach. Characteristics change significantly between the
lower 1,500 linear feet and upper 1,200 linear feet of channel. The lower reach is steeper
with longitudinal slopes ranging from 2.7 to 6.4 percent and an overall average gradient
of approximately 4.4 percent. The bottom is narrow throughout most of the lower reach
ranging from close to a vee bottom in most of the reach, to 25 feet wide in a small
segment. The side slopes are steep and the banks are high as the reach is deeply incised.
The upper reach contains three of the previously mentioned dams. Existing slopes

between the dams range from 1 percent to 10 percent. The downstream slopes of the

5



dams are steep and range from 10 to 23 feet high above the downstream channel bed.
The average slope in the upper reach would be approximately 4.5 percent if the dams
were not considered. Vegetation in the upper reach is short due to heavy grazing of the
area. The channel currently appears to be relatively stable due to the presence of the
vegetation throughout the reach. Some headcutting is evident at the steep earthen

spillways from the small dams.

The existing stability in the natural channels is likely caused at least in part by the
presence of the soil and water conservation measures that were constructed in the
watershed several decades ago. Aerial photography of the study area indicates that
considerable water conservation treatment was constructed in the watershed prior to
1955. The treatment consists of small ditch/dikes constructed on the contour in many of
the steeper portions of the watershed and several small on line retention ponds
constructed along small channels in the upper portion of the watershed. While a detailed
analysis of this treatment has not been performed with the current study, it is speculated
that the treatment has sheltered the downstream channels from frequent flows of
significant magnitude. This environment has likely helped the vegetation in the channel

to become well established.

Upstream of future Chapel Hills Drive, the character of existing natural channel changes
as the presence of perennial water in the channel is greatly reduced. Reaches of poorly
defined channels separate reaches of incised channels. Most areas of the channel bottoms
are dry in all but large rainfall events. With the reduction of the available water in the
channel bottoms, the quantity and quality of the vegetation in the channels is also less in
the reaches located upstream of future Chapel Hills Drive. Due to the lack of special
features, such as wetland vegetation, and their limited potential to serve as storm water
conveyances for the developed condition without extensive treatment, the current plan is
to eliminate most of the natural conveyances above future Chapel Hills Drive and convey

storm water in proposed storm drains.

. Existing and Proposed Land Use
Approximately 268 acres of the 812-acre study area are currently developed. This

includes 152 acres of rural residential development located in the unincorporated area.
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The remainder of the area is currently undeveloped rangeland. Much of the remaining

undeveloped area is expected to develop at a relatively fast pace in the coming years.

Most of the study area has been master planned for land use. Where available, the master
plan land uses were utilized for this study. The exhibit contained in the appendix entitled
“Subdivision and Land Use Identification Map” indicates the current land use

assumptions. The following table is a summary of these land uses.

PROPOSED LAND USE
Fully Developed Condition
ASSUMED
PROJECTED PERCENT AREA | PERCENT OF
LAND USE IMPERVIOUS | (acres) | STUDY AREA
GOLF COURSE 0 21 3%
OPEN SPACE 5 61 8%
SINGLE FAMILY DETACHED
<1 DU/AC 5 145 18%
2 DU/AC 25 67 8%
3 DU/AC 30 175 21%
4 DU/AC 40 97 12%
SINGLE FAMILY ATTACHED
5 DU/AC /0 2 -%
MULTI-FAMILY 70 39 5%
LIGHT INDUSTRIAL/OFFICE 83 26 3%
COMMERCIAL 95 39 5%
SCHOOL 50 56 7%
ARTERIAL.STREET 85 84 10%
TOTAL 812 100%




D. Existing and Proposed Utilities

1.

Several underground utility lines are in place within the study area. Many more will be
constructed to support future development. Consideration was given to the fact that there
will be several locations where storm drain facilities and other utilities must cross. The
major anticipated crossings were investigated and no problems that are insurmountable
were found. All future storm drains as well as other underground utilities should be

designed and constructed with consideration for existing and future adjacent facilities.

Soils/Erosion Potential

A map showing the boundaries of soil mapping units as identified in the “Soil Survey of
El Paso County Area, Colorado,” published by the U.S.D.A. Soil Conservation Service
(S5.C.S.) in 1975 is included in appendix of this report. As shown on the map almost all
of the soils in the study area belong to Hydrologic Soil Group “B”. The soils located in a
very small portion of the area located along the southern limits of the study area belong to

the Hydrologic Group “A”.

The erosion potential as reported in the S.C.S. “Soils Survey for El Paso County Area,”

varies from slight to high in the study area.

FIELD INVESTIGATIONS

. Topographic Mapping

Topographic data utilized in this study was obtained from the City of Colorado Springs
F.LM.S. program, where available. At the extreme upper end of the study area the
F.LM.S. topographic data was not available, so topography was obtained from the
U.S.G.S. Quadrangle Map for the area.

. Subsurface Investigation

No subsurface investigation was performed specifically for this project. Subsurface

investigations will be required for individual projects as appropriate.



C. Environmental Considerations

LP47, LLC dba La Plata Investments and Vintage Communities, the majority landowners

in the study area, have contracted with environmental consultants to perform surveys to

identify environmentally sensitive areas within the study area. Potential areas of concern

are areas that meet the qualifications of wetlands and or water of the United States and

areas that may contain the habitat of the Prebles Meadow Jumping Mouse.

In general, one of the goals of the overall plan proposed by this study is to minimize the

peak flow rates contributed to the natural channels that are to be maintained in order to

minimize impacts to the channels.

IV. HYDROLOGIC AND HYDRAULIC DESIGN EVALUATION

A. Basin Hydrology

1. Analysis Purpose

The following items were the goals of the hydrologic analysis performed for this

study:

Estimate peak runoff rates for the study area in a Historic (completely
undeveloped condition) to provide a basis for comparison with the proposed
fully developed condition release rates to natural channels that will be utilized
in the proposed plan.

Estimate peak runoff rates for Sub-Basins to be developed in the future.
Provide peak flow rates to be used in the design of proposed major
conveyances.

Provide inflow and outflow hydrographs and required storage volumes to be
used in the design of proposed regional detention facilities.

Demonstrate the adequacy of the proposed plan to control the peak flow rates
released to Kettle Creek from the study area to less than the estimated historic
peak flows in the 2, 5, 10, 25, 50 and 100-year design storm.

Estimate developed condition peak rates that are somewhat conservative so

that some flexibility may be available for changes in land use planning. A



conservative approach is prudent when working with a drainage system that
relies on detention basins and closed conduit conveyance systems with finite

capacities.

2. Methodology
The hydrologic analysis performed for this study was based on the Soil Conservation
Service (S.C.S.) Dimensionless Unit Hydrograph utilizing the U.S. Army Corps. of
Engineers HEC—-1 computer program as modified by Haestad Methods Inc., May

1991 version.

a. Times of Concentration
Times of Concentration (tc) were estimated based on actual flow paths in existing
developed areas and undeveloped areas for the historic condition model only.
Times of concentration for the fully developed condition model were based on
estimated flow paths in areas where development has not occurred. Estimated
flow paths were patterned after average flow paths for similar existing
development located in the Briargate area. Summary sheets containing the data
utilized in the tc calculations are included in the appendix of this study. Lag time

as utilized in the methodology was calculated as 0.6 tc (in hours).

b. Curve Numbers
1) Historic Condition Model
A uniform curve number of 66 was utilized throughout the study area in the
historic condition model. This reflects a value for pasture or rangeland in “fair”
to “good” condition on soils belonging to S.C.S. Hydrologic Soils Group “B”
with Antecedent Moisture Condition II according to tables prepared and published

by the U.S. Soil Conservation Service.

2) Developed Condition Model

A problem that has been encountered in the past has been matching peak flow
rates calculated in detailed analyses done for drainage reports to allowable flow
rates calculated in non-detailed analysis based on general assumptions for
drainage basin planning studies or master development drainage plans. A goal of

the current analysis was to produce peak flow rates for individual sub-basins with
10



the HEC-1 model that are similar to peak flow rates that would be calculated by
the rational method. In an effort to achieve this goal Curve Numbers (CN)
utilized in the model were first estimated for individual sub-basins based on the
anticipated land uses within the individual sub-basins assuming Antecedent
Moisture Condition II. These estimated CNs were then entered into the model
and peak 100-year flow rates were generated by the HEC-1 program for
individual sub-basins. The peak 100-year flow rates calculated by the HEC-1
program were then entered into a spreadsheet and compared to 100-year peak
flow rates generated by a rational method calculation for corresponding sub-
basins. The CNs were then adjusted and the process was repeated until a
reasonable agreement existed between the peak rates generated by the HEC-1
Model output and the peak rates generated by the rational method calculation.
This adjustment caused an increase in the overall predicted peak rates and
volumes generated in the study area. Copies of the spreadsheets utilized to

calculate and adjust the curve numbers are contained in the appendix of this study.

Design Storm

The Type IIA 24 hour storm distribution was utilized in the HEC-I model.
Rainfall depths of 4.4”, 4.0”, 3.6”, 3.0”, 2.6”, and 2.0” were used for the 100, 50,
25, 10, 5 and 2-year storms respectively in the simulations. A calculation time
interval of 3 minutes was used in order to satisfy the program recommendation
that the time interval be less than or equal to .29 lag. A limitation of the Version
of HEC-1 program that was used is that it can only generate 300 hydrograph
points. At three-minute intervals output is only generated for the first 15 hours of
the 24-hour storm. The peak inflow and outflow rates associated with all of the
facilities included in the model occur well before 15 hours of the storm has passed

so this is considered insignificant for the purpose of this study.

. Analysis Approach for Areas of Existing Development

The primary importance of including the existing developed areas in the current
analysis was to generate hydrographs from these areas that were produced with
the same methodology as used in the remainder of the study area. In the current

analysis, hydrographs from the areas of existing development were added to
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hydrographs from the areas of future development to produce hydrographs at

points of interest to the current proposed plan.

The current analysis does not include a detailed analysis of the existing storm
drain systems in all locations. At points in the watershed, where runoff rates in
excess of the existing downstream storm drain capacity would result in the excess
flow being diverted out of the watershed an evaluation of the capacity of the
existing storm drain was made. Where storm drain capacity was found to be less
than the 100-year peak flow rates predicted by the current analysis, the HEC-1

model was revised to divert excess flow from the storm drain system.

Alternative Analysis of Historic Peak Flow Rates

In order to validate or at least provide a basis of comparison for evaluating the
historic peak flow rates estimated for this study, several regional regression
equations were also applied to the watershed to estimate peak flow rates. A copy
of a spreadsheet used to perform this analysis is contained in the appendix of this
report. The equations utilized are noted on the spreadsheet. The results of this
analysis were varied as one might expect. Generally, the analysis indicates that

the historic peak rates utilized in this study may be conservatively low.

B. Major Drainageway Hydraulics

1.

Floodplain Delineation Maps

The Federal Emergency Management Agency Flood Insurance Study (F.L.S.) for El
Paso County and Incorporated Areas was revised and reissued on March 17, 1997.
Panels 506, 507 and 530 of the Flood Insurance Rate Maps (F.I.LR.M.) produced as a
part of the F.I.S. include potions of the study area. Only the extreme western edge of
the study area is close to a F.E.M.A. “100-year special flood hazard zone” as shown
on the F.LRM. This “special flood hazard zone” relates to Kettle Creek. The
remainder of the study area is shown as “Zone X (areas determined to be outside of

the 100-year floodplain.)

An attempt was made to produce an overlay map showing the relationship of the

F.E.M.A. floodplain to the study area for inclusion in this report. It was determined
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that the FIRM is very distorted in this vicinity. Due to the fact that the floodplain
does not impact the study area the effort was abandoned. A copy of the portions of
panels 506 and 507 that contain the adjacent 100-year flood plain has been included
in the appendix of this report.

Flood Profiles

A detailed hydraulic analysis for the natural channels that are to be utilized in the
proposed plan was not included in the scope of this study. A preliminary hydraulic
grade line (HGL) calculation was performed for the existing storm drain system
located in Old Ranch Road between Monmouth Lane and the existing Creekside
Estates Regional Detention Facility. This HGL was calculated to demonstrate the
capacity of the storm drain to convey additional flows from areas of future
development with minor modifications. A copy of the spreadsheet calculation of the
HGL is included in the appendix of this report. Hydraulic grade lines for proposed
closed conduit conveyances will be prepared with and presented on the future

construction drawings prepared for the same.

V. PROPOSED DRAINAGE PLAN

A.

General Description
A proposed plan for the fully developed condition has been prepared as a part of this
study. The plan is presented graphically on a map contained in the appendix of this
study and is also described in the following text. The fully developed condition plan
proposes the construction of six (6) additional regional detention facilities distributed
throughout the study area and a storm drain collection and conveyance system. The
plan also proposes to modify the inflow characteristics of the existing Creekside

Estates Regional Detention Facility and modify its outlet.

The plan proposes three storm water discharge points from the study area. One point
is the outfall from the existing Creekside Estates Regional Detention Facility. The
two other points are on the natural channels labeled on the drainage basin maps as
“North Tributary, proposed Regional Detention Facility “G” outfall, and South
Tributary”, Analysis Point D23.
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The proposed detention facilities are distributed throughout the watershed in order to
mitigate high peak flow rates throughout the conveyance system and thus, limit the
size of the required storm drains. The South Tributary will be utilized as an outfall
for major flows from the area above proposed Regional Detention Facility “E”, but
the frequent flows from this area will be routed to Kettle Creek through a storm drain
in Old Ranch Road in order to minimize impact to the natural channel of the South

Tributary.

Due to concerns about preservation of downstream natural channels in their existing
condition, this plan has been structured to regulate peaks release rates from the study
area in the 2, 5, 10, 25, 50 and 100-year design storms. Generally accepted practice
in this area has been to only regulate flows from large events. Recent regulatory
actions such as the listing of the Prebles Meadow Jumping Mouse (PMJM) as a
“threatened species” under the Endangered Species Act of 1973, has made it very
difficult to modify or make improvements to natural channels that may contain
habitat used by the Prebles Meadow Jumping Mouse. Thus, it appears to be prudent
to take additional precautions in order to minimize impact to potentially sensitive

areas located downstream of proposed development.

. Fully Developed Condition Plan

1. Sub-Basins D1 through D9A

The study area begins east of future Powers Boulevard. Current land planning is very
general for this area. Sub-Basins D1, D2 and D4 are assumed to remain at their
current level of development. It is assumed that runoff patterns from this area will
remain unchanged with the exception of the upsizing of the culverts under Old Ranch
Road to pass the 100-year design storm. Sub-Basins D3 and D5 are planned for very
low density residential development. The future street to be constructed along the
southern boundary of these basins should be graded to provide the embankments
required to detain water in the small proposed ponds labeled as Detention Facilities
“A” and “B”. Runoff from Sub-Basins D1 through D3 will be routed to and detained
in Detention Facility “A” and runoff from Sub-Basins D4 and D5 will be routed to

and detained in Detention Facility “B”.
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Proposed Regional Detention Facility “A” is planned to have a 100-year peak inflow
of 165 cfs, a 100-year peak outflow of 65 cfs, and a 100-year storage volume

requirement of 4-acre feet.

Proposed Regional Detention Facility “B” is planned to have a 100-year peak inflow
of 103 cfs, a 100-year peak outflow of 57 cfs, and a 100-year storage volume

requirement of 1-acre feet.

The outflow from Detention Facilities “A” and “B” will be conveyed in proposed
storm drains along with runoff collected from Sub-Basins D6 and D7 to proposed
Regional Detention Facility “C”. Runoff from adjacent Sub-Basin D8 will also be
routed to proposed Regional Detention Facility “C”. Proposed Regional Detention
Facility “C” is planned to have a 100-year peak inflow of 524 cfs, a 100-year peak
outflow of 86 cfs, and a 100-year storage volume requirement of 21-acre feet.
Outflow from proposed Regional Detention Facility “C” will be conveyed under
Powers Boulevard and then to Analysis Point D4 in a proposed storm drain along

with runoff from Sub-Basin D9A.

Detention Facility C will be configured such that the overflow that would occur from
the 100-year flood being routed through the proposed pond (assuming the pond empty
and the normal outlet is clogged at the beginning of the storm) will be routed under
Powers Boulevard to Royal Pine Drive a 72 diameter culvert to be constructed with
Powers Boulevard. In an overflow event, flow in excess of the capacity of the
proposed storm sewer to be constructed in Royal Pine Drive will be conveyed in the
street section of Royal Pine Drive to its low point, then across Basin D37 to Old
Ranch Road near Chapel Hills Drive then west in Old Ranch Road to Kettle Creek.
The excess stormwater will be diverted from the Royal Pine Drive storm drain via a
proposed Junction 1 overflow box to be located on the storm drain between proposed
Powers Boulevard and Royal Pine Drive. A concept detail of the proposed structure
1s contained in the appendix of this report. The proposed lots adjacent to proposed
Royal Pine Drive should be graded to be a minimum of 1.5 feet above the flow line of

adjacent Royal Pine Drive or have a solid wall separating them from Royal Pine
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Drive. The purpose of this vertical separation is to protect the lots in the event that
the overflow condition described above occurs. An emergency overflow corridor
should be preserved across Basin D37 between the low point in Royal Pine Drive and

Old Ranch Road with development sufficiently elevated.

2. Sub-Basins D9 through D17A, and Sub-Basins D36 and 37

Sub-Basins D10 and D12 are assumed to remain at their current level of development.
It is assumed that drainage patterns will remain the same in these areas with the
exception that adequate culverts under Howells Road will be required if the roadway
is reconstructed or expanded. Very low-density residential development is planned
for Sub-Basin D11. Runoff from Sub-Basin D10 and D12 will be routed through or
adjacent to Sub-Basin D11 via surface or storm drain conveyances. Runoff from
Sub-Basins D10 through D12 will be combined at the northeast comer of the
intersection of Old Ranch Road and Thunder Mountain Road (Analysis Point D5).
The runoff at Analysis Point DS will be conveyed under Old Ranch Road in an
existing 48 diameter storm drain then on to Analysis Point D6 in a proposed storm

drain.

At Analysis Point D6, the routed runoff from Analysis Point D5 and Sub-Basin D13
will be combined in a proposed storm drain and conveyed under proposed Powers
Boulevard. Between proposed Powers Boulevard mainline and Ramp ‘D’ this flow
will daylight into an open channel to be constructed in the gore area. Runoff from
Sub-Basin D14 will be combined with this flow and it will be collected and conveyed
to the Royal Pine Drive storm drain via two proposed laterals upstream of Analysis
Point D7. Analysis Point 7 represents the total flow from Analysis Points D4 and D6
and Sub-Basins D9, D14 and D15. This flow will be conveyed to Analysis Point

D7A in the Royal Pine Drive storm drain and in the Royal Pine Drive street section.
At Analysis Point D7A, flow from Analysis Point D7 will be combined with runoff

flow from Sub-Basin D16A and D17. The combined intercepted flow will be

conveyed to Analysis Point D8 on the proposed Royal Pine Drive storm drain.
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At Analysis Point D8, flow from Analysis Point D7A will be combined with runoff
flow from Sub-Basin D16 and Sub-Basin D17A. The combined intercepted flow will
be conveyed to Analysis Point D9 in the proposed Royal Pine Drive storm drain
across Old Ranch Road.

At Analysis Point D9, flow from Analysis Point D8 will be combined with runoff
flow from Sub-Basin D36 and Sub-Basin D37 in the extension of the proposed Royal
Pine Drive storm drain. The combined intercepted flow will be conveyed to the

bottom of proposed Detention Facility “E” in the outfall of the proposed storm drain.

3. Sub-Basins D18 through D21 and D33

Sub-Basin D18 is a fully developed school site. According to the Final Drainage
Report (FDR) for the Academy High School No. 5, all of the runoff from this site 1s
to be routed through the existing detention pond constructed on the site (labeled as
Detention Facility “PCHS” on the drainage maps). It is assumed, for the purpose of
this plan, that the site will conform to the FDR. The outflow from Detention Facility
“PCHS” will be conveyed in a proposed storm drain under Future Powers Boulevard
to Analysis Point D10 where it will be combined with the runoff from Sub-Basin
D19. The combined flow at Analysis Point D10 will be routed through a proposed
storm drain to Analysis D11 along with the runoff from Sub-Basin D20. The flow at
Analysis Point D11 will be routed through a proposed storm drain along with the
runoff from Sub-Basin D21 to proposed Regional Detention Facility “E” where it will
be combined with the flow from Analysis Point D9. The proposed Regional
Detention Facility “E” is planned to have a 100-year peak inflow of 1078 cfs, a total
100- year peak outflow of 600 cfs with a required estimated 100-year peak storage of

28 acre-feet.

Outflow from proposed Regional Detention Facility “E” will be divided between the
existing natural channel labeled “South Tributary” and a proposed storm drain to be
constructed downstream in Old Ranch Road. The downstream natural channel
currently conveys a small perennial flow and contains considerable wetland
vegetation. Over most of its’ length it is very incised and is fairly steep. The natural

channel has more than adequate conveyance capacity for the entire outflow from the

17



pond. However, due to its steep longitudinal slope and nearly vee shaped cross
section it will not likely retain its’ vegetated state and stability if it is exposed to the
frequent increased flows that are expected to occur when the watershed is developed.
In order to minimize the impact to the natural channel, the outflow structure(s) at

proposed Detention Facility “E” should be designed to accomplish the following:

¢ Allow low perennial flow to continue to flow to the downstream natural channel
in order to support the wetlands located there.

e Prevent significant flow rates above the perennial flow rates from entering the
downstream natural channel in frequent runoff events.

e Regulate peak flows released to the natural channel in the 2-year and greater
design rainfall events to approximate those estimated for the predevelopment
condition in the watershed.

o Divert frequent flows and significant volumes of water from large rainfall events

to a proposed storm drain system to be constructed in Old Ranch Road.

The planned 100-year peak outflow rates are 525 cfs to the downstream “South
Tributary” (Analysis Point D12) and 75 cfs to the proposed Old Ranch Road storm
drain (Analysis Point DFE). The planned 100-year storage volume requirement is 28

acre-feet as previously stated.

The flow released to the “South Tributary” along with the runoff from Sub-Basin D33
will be routed down the natural channel and enter Kettle Creek at Analysis Point D23.
The estimated 100-year peak flow rate at Design Point D23 for the proposed
condition is 543 cfs. The location of Analysis Point D23 equates to the location of
historic condition Analysis Point H10. The 100-year peak flow rate estimated for

historic Analysis Point H10 for the watershed in an undeveloped condition is 577 cfs.

The following table provides a comparison of peak flow rates for storm frequencies 2
through 100-year at historic Analysis Point H9 and developed conditions Analysis
Point D12, discharge from proposed Regional Detention Facility “E”, at the same

location in the “South Tributary”.
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